Background: Since 2000, systemic thrombolysis has been the only approved curative and causal treatment for acute ischemic stroke. In 2009, the guidelines of the German Society for Neurology were updated and the therapeutic window for performing thrombolysis was extended. The implementation of new therapies is influenced by many factors. We analyzed the factors at the organizational level that influence the implementation of thrombolysis in stroke patients. Methods: The data published by the majority of German hospitals in their structured quality reports was assessed. We calculated a regression model in order to measure the influence of hospital/department-level characteristics (e.g., teaching status, ownership, location, and number of hospital beds) on the implementation of thrombolysis in 2006 (this is the earliest point in time that can be analyzed on this data basis). In order to measure the effect of the guideline update in 2009 on the thrombolysis rate (TR) change between 2008 and 2010, we performed a Wilcoxon signed-rank test and utilized a regression model.
Background
Strokes are the most frequent cause of death worldwide, after ischemic heart diseases [1] . Over the last decade, the global burden of stroke, measured by disability-adjusted life years (DALYs) has increased, with stroke being the third leading cause of health loss [2] . With about 243,000 hospitalizations in 2010, acute stroke is one of the most common diseases in Germany [3] . The incidence of stroke in Germany is similar to the incidence in the US and the other EU5 countries [4] . To date, systemic thrombolysis with recombinant tissue plasminogen activator (rtPA, alteplase) constitutes the only approved curative and causal therapy for treating acute ischemic stroke patients [5] . The most promising alternative approach is endovascular thrombectomy. Thus far, however, trials performed have failed to demonstrate equivalent or superior therapeutic results [6] [7] [8] . Therefore, even if intra-arterial treatment is considered, systemic thrombolysis should still be performed as a first-line treatment in all suitable patients, as systemic thrombolysis remains the only evidence-based therapeutic option for patients reaching a hospital within the therapeutic window [9] . RtPA was licensed for the treatment of acute ischemic stroke in Germany in 2000, 4 years after its approval by the US Food and Drug Administration (FDA) [10] and 2 years before the European Union granted a license in 2002 [11] . With this first approval, the use of rtPA was restricted to a limited time frame of 3 h after symptom onset. On the basis of subsequent studies [12, 13] , the guidelines of the German Society for Neurology [11] , as well as several other national and international guidelines, were updated in 2009. The recommended therapeutic window for performing systemic thrombolysis was then extended from 3 to 4.5 h [14] [15] [16] . Because of this increased time window, more acute ischemic stroke patients should be able to receive systemic thrombolysis [17] , and as a result, the thrombolysis rate (percentage of patients receiving thrombolysis, TR) would be expected to rise.
The function of a guideline is to provide recommendations for the optimal treatment scheme and to set treatment standards. Recommendations are based on the latest study results and are therefore evidence-based. Nevertheless, only a small percentage of these guidelines are implemented into clinical routines [18, 19] . Especially with regard to the treatment of acute events like ischemic stroke, evidence-based guidelines, though widely disseminated, are poorly adhered to [20, 21] . Nevertheless, a guideline promoting a new medical treatment regime represents an innovation that should be incorporated into a care provider's actions and a hospital's daily routines as quickly as possible. The implementation process starts with the decision to implement the therapeutic innovation, followed by its routine use [22] . The decision can be made by a senior organizational manager (in terms of organizational issues) or by the medical department heads where medical innovations are involved.
There are, however, many factors that influence the successful implementation of evidence-based health innovations. According to the conceptual framework used by Chaudoir et al., there are five different levels (the structural, organizational, patient, provider, and innovation levels) that influence the implementation outcome [23] .
Hospital characteristics on the organizational-structural level-for example, teaching status, ownership, hospital size-have been found to have an impact on adherence to recommended care processes and evidence-based guidelines [24] [25] [26] . Another factor on the structural level that was found to have an influence on a hospital's performance with respect to guideline-congruent treatment is the hospital's location (rural vs. urban) [27, 28] . For the implementation of clinical guidelines for the treatment of acute ischemic stroke patients, qualitative studies show that a health professional's adherence to clinical guidelines is-at least to a great extent-influenced by the organizationalstructural level [29, 30] . Regarding the influence of teaching status on the performance of thrombolysis, a study from the Netherlands found that systemic thrombolysis was utilized far more often in an academic setting [30] . In addition, non-university hospitals in Sweden took 2-3 years longer to implement thrombolysis, with such hospitals not recording thrombolysis rates similar to university hospitals until 2008 [31] . With regard to a hospital's location, rural hospitals in Australia seem to have the same thrombolysis rate as hospitals located in metropolitan regions [32] .
A comparison of countries shows that the TR ranges from 1.4% in the UK (2008) [33] to 5% (2009) in the US [34] , with 64% of US hospitals not applying any thrombolysis (2007) [35] . In 2010, the thrombolysis rate in Germany was 8.9% [3] , whereby 38% of hospitals that treated ischemic stroke patients did not perform systemic thrombolysis [36] . Since systemic thrombolysis is the only approved curative and causal therapy for treating patients with an acute ischemic stroke, it is important to know what enables or prevents hospitals from implementing this therapy into their clinical routines. Thus, the aim of this study was to identify factors at the organizational level that facilitate early implementation of guidelines for treating acute ischemic stroke patients. The definition of 'early implementation' is based on the works of Rogers [37] . Because the implementation of a new technology occurs in different phases, the adoption of an innovation can be differentiated by its timing.
Our study aims to answer the following question: which factors at the organizational level-such as teaching status, experience in treating ischemic stroke patients, and ownership-have an impact upon a hospital department's decision to implement systemic thrombolysis as a treatment for acute ischemic stroke patients early on. In addition to analyzing systemic thrombolysis implementation and the treatment situation of acute ischemic stroke patients in 2006, we explored whether the guideline update in 2009 led to changes in clinical routines, and we also examined which organizational issues influenced this process.
Methods
Our study is based on data provided by German hospitals in their structured quality reports, which all German hospitals have been required to publish since 2005. The content and structure are determined by the Federal Joint Committee (G-BA) in Germany. The structured quality reports are published every 2 years and include structural as well as process data. All main diagnoses (ICD codes) and performed procedures are reported for each hospital department. The data provided can be used to develop a comprehensive picture of the healthcare provision in Germany. Our analyses are based on data published in 2006, as this is the earliest possible data available. However, we also used data from 2008 and 2010. We included all hospitals that published a structured quality report and treated ischemic stroke patients (main diagnosis ICD code GM: I63) in a neurology department. The performance of thrombolysis and the existence of a stroke unit (i.e., a unit specialized in the treatment of acute stroke patients) were identified on the basis of documented Operationen-und Prozedurenschlüssel (OPS) codes, which are a national classification of health interventions in Germany, analogous to the International Classification of Procedures in Medicine (ICPM) defined by WHO. According to the OPS codes version 2006-2010, a systemic thrombolysis has the OPS code 8-020.8. Because there is no specification for the specific indication, we restricted our analysis to neurology departments in order to exclude the possible inclusion of thrombolysis due to an indication other than acute ischemic stroke (e.g., myocardial infarction or thromboembolic event). Given the fact that almost 70% of all ischemic stroke patients were treated by a neurology department in Germany in 2010 [36] , the restriction of our study to neurology departments limits the number of analyzed ischemic stroke cases. Nevertheless, our analysis still accounts for the majority of stroke patients.
Along with the OPS code for systemic thrombolysis, we also identified the documented OPS codes 8-981 and 8-98b. These define departments as being specialized in the treatment of acute stroke patients (stroke unit). The requirements for the use of the codes are the existence of a specialized team for treating acute stroke as well as the utilization of monitoring devices, the existence of a facility for computer tomography imaging, and structural conditions that allow for the performance of systemic thrombolysis. The thrombolysis rate (TR) was calculated by dividing the number of coded systemic thrombolysis procedures by the number of coded ischemic stroke patients per year. For the year 2006, it was possible to analyze data from 286 different neurology departments that treated more than 113,700 ischemic stroke patients. To evaluate the influence of the guideline update in 2009, we measured the thrombolysis rate change between 2008 and 2010. To this end, the data from 367 departments in 2008 was matched with the data published by the hospitals for the year 2010. As a matching variable, we used the institutional code, an unambiguous identification number, and the hospital's postal code. Hospitals that could not be matched by postal code and institutional code were matched by their name and postal code. Of the 367 hospitals that treated ischemic stroke patients in a neurology department in 2008, 348 could be matched. Overall, 19 hospitals in 2008 and 29 hospitals in 2010 that treated ischemic stroke patients could not be matched by this procedure.
According to Lehrman et al., organizational characteristics influence a hospital's clinical processes and measures of care [25] . For this reason, we included hospital organizational and departmental-level parameters in our study. On the hospital level, these parameters are ownership, hospital size (measured by the total number of beds), teaching status, and location. A hospital's location is defined by its urbanization grade in accordance with the definition of the German Federal Statistics Bureau (i.e., urban, semi-urban, and rural). We therefore matched the hospital data with a list of municipalities from the year 2010 (as published by the Federal Statistics Bureau). As an explanatory variable at the departmental level, we included in the models the existence of a stroke unit as defined by the OPS codes 8-981 and 8-98b as well as the number of treated ischemic stroke patients.
To identify possible organizational factors influencing the performance of systemic thrombolysis on acute ischemic stroke patients, we calculated a multiple logistic regression model for the year 2006. The dependent variable here was the performance of systemic thrombolysis as early as 2006, categorized as a dichotomous variable with the specification 'performance of systemic thrombolysis: "yes" or "no". Explanatory variables were ownership, number of beds, teaching status, existence of a stroke unit, and the number of treated ischemic stroke patients. The logistic regression analysis was based on 280 neurology departments, as six hospitals were excluded from this analysis because of a lack of data related to ownership.
The Wilcoxon signed-rank test was performed to compare the thrombolysis rate in 2008 and 2010 in order to examine the rate before and after the guideline update in 2009.
We calculated a multiple linear regression model to determine whether there were factors at the organizational level that enabled hospital departments to implement the guideline update in 2009. The dependent variable was the systemic TR change between 2008 and 2010, measured as the difference between the TR in 2008 and 2010 for all hospitals that performed thrombolysis in 2008. As with aggregated data, the depth of implementation cannot be measured directly; the TR change functions as a surrogate indicator. As explanatory variables, parameters on the hospital and department level (i.e., ownership, number of beds, location, degree of urbanization, teaching status, existence of a stroke unit, and the number of treated ischemic stroke patients) were included in Model 1. In Model 2, we took the TR in 2008 into account in order to adjust for the depth of implementation that had already been achieved.
Data analysis and statistical calculations were performed using STATA 12.
Results
The number of ischemic stroke patients treated by a neurology department increased from approximately 113,700 in 2006 to around 144,000 in 2008 but then decreased to roughly 136,800 in 2010. The percentage of ischemic stroke patients receiving thrombolysis in a neurology department continuously increased from approximately 4.8% in 2006 to approximately 11.0% in 2010 (mean departmental thrombolysis rates: approximately 4.6% and 9.2%, respectively) ( Figure 1 ). With 61.5% of neurology departments (176 out of 286) performing thrombolysis in 2006, we can see that the majority were able to offer a guideline-congruent therapy. However, there were also a significant number of departments that did not implement this therapeutic option into their treatment routine. In 2010, the share of neurology departments that treated acute ischemic stroke patients and also performed thrombolysis increased to 77.5%.
In 2006, 61.5% of the neurology departments coded the utilization of systemic thrombolysis. We calculated a multiple logistic model to determine whether hospital/ department characteristics influenced a neurology department's implementation of the guideline, and of the only approved curative and causal therapy (i.e., systemic thrombolysis), as early as 2006. The logistic regression model (Table 1) shows the positive influence of the existence of a stroke unit. For the hospital's size, measured by the number of hospital beds, we found a negative effect for hospitals with between 500 and 1,000 beds. None of the other variables displayed any significant relationships.
After
A thrombolysis-rate ranging from 0% up to 35.7% of ischemic stroke patients in 2010 constitutes a substantial variation between neurology departments (Figure 2 As regards the implementation of thrombolysis as a treatment for acute ischemic stroke between 2008 and 2010, the measured factors on the organizational level were not significant-apart from the fact that none of the 27 neurology departments that began performing systemic thrombolysis between 2008 and 2010 were located in a rural setting.
Discussion
The implementation of systemic thrombolysis in acute ischemic stroke care can reduce the burden of stroke Figure 1 Ischemic stroke patients treated in a neurology department with and without thrombolysis. [38] . Although systemic thrombolysis remains the only approved curative and causal treatment [5] to date, many countries around the world still struggle with a thrombolysis rate below the possible optimum [32, 39] , as well as with the fact that hospitals do treat acute stroke patients but not by performing systemic thrombolysis [35] . It is therefore necessary to identify possible barriers on the organizational level that prevent the implementation of thrombolysis in acute ischemic stroke care. Our analyses show that an increasing number of neurology departments performed systemic thrombolysis between 2006 and 2010.
Influencing factors in 2006
We calculated a model for 2006 in order to answer the question as to which organizational factors influenced the implementation of systemic thrombolysis in that year. At the organizational level, we identified the existence of a stroke unit (+) and hospital size (between 500 and 1,000 beds) (−) as predicting factors. By contrast, a study from the Netherlands found that systemic thrombolysis was used far more in an academic setting [30] . We did not observe a difference between teaching and non-teaching hospitals in our study, which indicates that hospitals in both non-academic and academic settings will implement to a similar degree a fundamental novel therapy, such as thrombolysis for acute cerebral ischemia. The same applies to a hospital's location: hospitals in urban regions were no more likely to perform systemic thrombolysis than hospitals in rural regions. These findings correspond with the results from an Australian study [32] . The question as to why hospitals with between 500 and 1,000 beds were less likely to have implemented systemic thrombolysis as early as 2006 needs to be addressed through further research. 
The TR change in 2010
It cannot be said whether the TR increase between 2008 and 2010 can be explained by the guideline update in 2009 (resulting in an extended time window for performing systemic thrombolysis) or if it was instead part of an ongoing process of implementing systemic thrombolysis for the treatment of acute ischemic stroke patients. It is noteworthy that the time frame between the guideline update and our assessment was not very long. However, the extension of the time window in which thrombolysis can be performed did not constitute a completely new approach but rather an extension of an already established treatment modality. In Sweden, thrombolysis within the extended time frame was implemented just a few months after new recommendations and study protocols were published [40] . The RiksStroke study attributed the TR increase to the prolonged therapeutic time interval, as the TR increase within 3 h after the onset of symptoms had leveled off since the end of 2008 in Sweden [40] . Similar results were obtained in the SITS-ISTR study, where a rapid implementation process was reported, accompanied by a simultaneous increase in ischemic stroke patients treated with systemic thrombolysis within the 3-h time frame [17] . We did not find any factors at the organizational level that influenced the TR change between 2008 and 2010. These results are in line with the findings of the RiksStroke study, which found that non-university hospitals were just as fast as university hospitals in implementing the new recommendations [40] .
The negative influence of a high TR in 2008 on the TR change in 2010 implies that it is difficult to continuously maintain a very high TR. It seems that in a system where thrombolysis is already very well established, it is not possible for the TR to rise beyond a certain level. Moreover, even though the time window for applying thrombolysis has been extended, patients should nevertheless still be treated as quickly as possible after symptom onset, as the chances of recovery decrease as the interval between symptom onset and treatment gets longer [12] . Stroke-experienced environments with well-established processes and short delays between symptom onset and hospital admission are thus likely to benefit less from the extended time window. Nevertheless, further research into this issue is warranted.
The organizational level and beyond
Our analysis suggests that systemic thrombolysis was continuously implemented between 2006 and 2010. Whether or not a neurology department performs thrombolysis is a decision to be made by each hospital that treats ischemic stroke patients. If one considers innovation as a continuous process between non-use and committed use [22] , the thrombolysis rate would stand for the implementation level of this innovative treatment. Increasing the TR is a challenge that involves several levels [41] . According to Chaudoir et al. [23] , there are five different levels (the structural, organizational, patient, provider, and innovation levels) that influence the implementation outcome. Our analysis is based on the structural level. Klein and Sorra state that effective implementation is influenced by the implementation climate and the innovation-values fit [22] . This, in turn, is influenced by the structural level. If the implementation climate, which exists at the organizational level [42] , plays a significant role, should be analyzed in future research, along with the organizational readiness to change [43] . Organizational readiness consists of the organization members' knowledge and willingness to make a change, and it also includes the organizational resources available to implement the change [44] . In our study, we estimated the effects of ownership, hospital size (number of beds), location, teaching status, existence of a stroke unit, and number of treated ischemic stroke patients as organizational-level factors that might potentially influence the depth of implementation of systemic thrombolysis for ischemic stroke patients. We therefore estimated the effect of hospital/ department level issues on implementation behavior with regard to systemic thrombolysis. Our analysis comprises only structural organizational effects. Along with structural organizational factors that influence the implementation routine, organizational aspects such as leadership and social interaction have also been identified as crucial elements in the implementation of thrombolytic therapies for acute ischemic stroke patients [45] . Making a decision to change behavior and perform a guideline-congruent treatment is, at least in part, the responsibility of individual health professionals [46] . Here-i.e., in the realm of social cognitive theories-there is a need for more studies that might answer the question regarding the nature of the interaction between innovation implementation and the individual level [47] . Barriers that hinder the use of systemic thrombolysis to treat acute stroke patients can be found on both the pre-admission (in the form of patient-related and paramedic-related barriers) and the post-admission level [48] . Because systemic thrombolysis can only be performed if the ischemic stroke patient arrives at the hospital within the therapeutic time frame, action has been taken in Germany in recent years to inform the public about the relevant symptoms of a stroke and how important it is to get to the hospital immediately. Although a German study suggests that 54% of German stroke patients reach a hospital within 3 h after symptom onset [49] , the published overall TR remained at 8.9% in 2010 [3] . This suggest that efforts to achieve a significant improvement in stroke treatment must also focus on hospitals and the things that prevent the application of systemic thrombolysis, even if the patients arrive at the hospital within the therapeutic time frame of 4.5 h after the onset of symptoms. Similar results have been found for the UK, where over 28% of acute stroke patients were present in a hospital on time, based on a 3 h rule [33] .
The international perspective
Although scientific results are distributed internationally, new guidelines and recommendations have to be implemented in each country and health-care system-and in every hospital. Because the implementation process is influenced by many factors [23] , the question also has to be raised regarding the extent to which these factors are influenced by specific national characteristics. Several studies have shown the effect the organizational level has on the implementation of guidelines, with similar results having been obtained across different national settings [24] [25] [26] [27] [28] [29] [30] [31] [32] . With this in mind, we focused on organizational level parameters that can be compared on an international scale: ownership, hospital location, hospital size, teaching status, and the existence of a stroke unit. An international group of researchers identified the TR as a potential performance measure for the comparison of different organizational structures or countries, although population bias has to be accounted for as well [50] . To reduce the population effect to a minimum, we focused in our study on the implementation of systemic thrombolysis and on the TR change as parameters that are generally not influenced by the patient level. To our knowledge, this is the first study to analyze the effect of these parameters on organizational behavior in terms of implementing thrombolysis to treat acute stroke patients (based on nationwide data).
Limitations
Our study has some limitations. The analysis is based on administrative data provided by hospitals. Although all licensed hospitals are required to publish a structured quality report, not all hospitals comply with this legal obligation. According to our estimates, less than 5% of all German hospitals do not release their data to the public. The data basis is routinely collected for claim and administrative purposes, which explains why only documented medical procedures are accounted for. Because we did not have access to clinical data, our analyses were restricted to the organizational level. We were therefore not able to consider the patient level. Information about the patient level is essential for comparing the TR between hospitals, or even between countries, as an absolute measure, as population bias resulting from national characteristics can occur [50] . Hospital density or national stroke awareness campaigns can have an impact on the pre-admission level, for example. The first year data was available on the hospital level in Germany was 2006. With systemic thrombolysis having been licensed in Germany as early as 2000, an analysis of implementation at an earlier date would have been preferable.
Conclusion
Who does it first? Our data suggests that the implementation of thrombolysis in the treatment regime for acute ischemic stroke patients is mainly influenced by the existence of a stroke unit (+), and in part, by organizational size (−) as well. The results indicate that teaching status, ownership, and location did not influence the implementation of systemic thrombolysis. This result can encourage different types of hospitals that treat ischemic stroke patients to establish stroke units and incorporate systemic thrombolysis into their daily routines, since according to our data and the measured characteristics, there seem to be no other structural barriers at the organizational level. On the other hand, further research must be done in order to gain greater insight into the organizational climate, which influences organizational responsiveness.
